Abstract. Thermal imaging is one of the most promising methods of probing the psychological status of human beings because of its non-invasiveness. This study develops a new method of assessing the emotional stress status in real time. The differential temperature between philtrum and forehead (DTPF) algorithm is developed to extract stress-induced thermal imprints. The correlation between the extracted thermal imprints and established stress markers is significant. Experimental result demonstrates that DTPF has the capacity to classify stress and baseline status.
Introduction
Stress is having increasingly strong effects on the human health. Stress assessment has been actively conducted using various methods. Despite the complicated chem electronic analysis procedure, salivary cortisol concentration has been widely accepted as the biomarker of activation of the hypothalamic-pituitary-adrenal (HPA) axis, which is directly linked to stress [1] [2] . Various studies have been performed on stress, including public speaking [3] , cognitive task [4] , and emotion induction [5] [6] . Unlike established stress markers such as HPA axis end-product cortisol, the imaging system has the advantages of non-invasiveness, versatility and reliability. The literature on the remote sensing of stress continues to increase. Pavlidis first observed the thermal signature of startle and reported that the instantaneous blood demand increases in periorbital region [7] [8] [9] [10] . Aside from the thermal infrared (IR) system, functional magnetic resonance imaging (fMRI) assesses human emotion by monitoring information on the oxygen consumption of areas in the brain, which is activated during the onset of a specific emotion, experience, thought, or action.
Although stress has been studied quite extensively, the challenges persist because the methods involved require substantial cooperation from the participants. The baseline problem is another major challenge for the real time stress assessment. Effective solutions will not be easily achieved and will require not only analyses of the quantitative linkages between electro-optical properties and human stress, which is the focus of the present study. For psychological signals the problem involves finding a condition against which changes in measured signals can be compared (i.e., a state of calmness or baseline).
To address the aforementioned challenges, we developed a new psychological signal extraction algorithm. The algorithm is based on the differential temperature between different facial thermal imprint. In this study, 41 healthy males and females underwent TSST (Tier Social Stress Test) in a controlled lab. Facial thermal images were collected during the experiment, with established stress markers, such as HBR and cortisol level. Statistical tests were then applied to analyse the resulting set of dependent variables over time. The correlation analysis explored the relation between thermal imprints and established stress markers for characterizing the different phases of the stress cycle.
Materials and Methods

Participants
The participants in this project were recruited mainly by posting ads on a newspaper. A total of 41healthy volunteers participated in the experimental trials. The experimental protocols were in the order of TSST.
Assessment and Analysis of Thermal IR Images
The FLIR SC7600 thermal IR imager was employed with thermal sensitivities of NETD 17 mK working in usable spectral ranges of 3-5 μm. The sensor of the imager was of a large format (640x480) mercury cadmium telluride semiconductor focal plane array. The sampling rate was set at 30 frames.
Assessment and Analysis of Stress Marker
The participants were requested to wear a chest strap heart monitor (Garmin) and a finger probe (Miroxi) to measure their HBR. Saliva sample were collected in a 5 min interval using salivette. The participants were also asked to insert the saliva collection swabs in their mouths. The sample was stored in a freezer until analysis by time-resolved fluorescence immunoassay.
Study Design
All the experiments performed in this study were conducted following more or less these three main steps: Firstly, the participants were asked to wear a heart monitor (Garmin and Miroxi type). Secondly, the participants were led to a well-illuminated room where they sat down comfortably. A rest time of approximately 5 min was given to allow the participants to settle in their new environment. Thirdly, a series of emotional stressors (TSST) will be given to the participants, followed by a 45 min recovery period until the baseline. Figure 1 presents a detailed overview of the study design. 
Model and Metrics
During the stress experiment, the demand for blood rose dramatically and a substantial increase of heart rate was recorded. The forehead response (shown in Figure 2 (a) and (b)) was kept pace with the soaring heart beat rate (HBR) because of the expansion of blood supply. The nose and philtrum temperatures decreased distinctly (Figure 2 (c) ). The perinasal area has been proven as a promising ROI for quantifying physiological stress [19] . However, breaking away from the environmental parameter as the solution to the requirement of the baseline is not realistic. Therefore, the philtrum and forehead were chosen as the ROI, where the immediate response to the stress status was highly sensitive. The damage of angular variation was ignored. The direct correlation between thermal imprint and established stress marker was not significant [20] . In this study, we applied the differential thermal imprint between philtrum and forehead to assess the stress status. The differential energy between forehead and philtrum (DTPF) is accordingly correlated with stress marker, and the function is presented as follow:
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(1) The proposed DTPF algorithm highlights the subtle change in the psychological status, in terms of not only the thermal imprints, but also established stress markers. The statistical analysis explores the correlation between the establish stress markers and captured thermal imprints through student's t-test.
Results
The experimental results consist of the thermal image, HBR, cortisol level and questionnaire. Regarding the questionnaire, 32 participants answered 'stressed'. Only nine participants answered the questionnaire with 'not stressed', which was consistent with their comparatively stable HBR and cortisol level response. A one-tailed paired Student's t-test identified a significant difference (p <0.005) between the DTPF values for the baseline and stress conditions. In addition, Cohen's d indicates a large practical difference of 1.36. This significance suggests that the DTPF values are favorable emotional stress indicators.
Discussion
This study explores a non-invasive algorithm to assess stress in real time. The direct temperature measurement of our results is in line with the previous research [8] [9] [20] . The corrugator, nose, perioral and chin temperatures are sensitive to stress stimuli. In accordance with earlier reports, these ROIs require baseline information as reference to assess the stress status. We investigate the correlation between the thermal imprint and established stress marker, using the proposed DTPF algorithm. Although direct correlations between the thermal imprints and stress markers have been reported to be insignificant [20] , subtle psychological information could be expanded through the DTPF algorithm. Unlike the baseline status, the thermal imprints extracted by DTPF change significantly in the course of TSST. Student's t-test and Cohen's d result suggests that the DTPF values are favorable emotional stress indicators.
In summary, our analyses demonstrate plausible solutions to stress assessment in real time. We present the contact-free method of DTPF to assess stress. Our algorithm finds a close and specific parallelism between thermal imprint and stress markers. Disregarding personal factors, the DTPF algorithm have the capacity to identify the emotional stress from baseline.
